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ABSTRACT
Earthquakes are considered as one of the most dangerous, destructive, and unpredictable
natural disasters. Throughout the centuries, millions of people and thousands of structures have
perished in earthquakes all over the world. Nepal is the 11th most earthquake prone country and
has a history of devastating earthquakes as it falls within high seismic region. The geological
structure and presence of active tectonic plates are the main reason behind occurrence of
earthquakes. However, the impact of earthquakes in the capital city Kathmandu has continued to
grow due; population growth, high rate of unplanned urbanization, use of inappropriate design in
the construction of buildings, lack of basic infrastructures, inappropriate organization system,
and lack of awareness. This project aims to reduce the impact of earthquakes in the life and
property of the Kathmandu community by developing a risk management and response plan. The
project analyzed the status of preparedness and prevention measure adopted by the community,
vulnerability of buildings, people’s awareness, and proposed the best strategy to reduce the
impact of earthquake to the local people. The objectives were completed by the analysis of data
obtained through the literature review, interviews and survey conducted by Community Disaster
Management Committee at the study area. Detailed study of the mitigation measures of
earthquake followed by other earthquake prone countries was done.
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CHAPTER I
INTRODUCTION
Context of the problem
Earthquakes are considered as one of the most dangerous, destructive and unpredictable
events. Throughout the centuries, millions of people and thousands of structures have perished in
earthquakes all over the world. Many countries have suffered from earthquakes in the history.
Historical records of damaging earthquakes in Japan can be dated back to 1,300 years ago. In the
Philippines, there is an average of five earthquakes a day, ranging from imperceptible to
disastrous (Risk Management Solutions, 2010). On January 12, 2010, Haiti witnessed an
earthquake of magnitude 7.0 that took more than 200,000 human lives, left one million capita
homeless, and destroyed half of the buildings. Whereas, in the subsequent Chilean earthquake of
magnitude 8.8 on February 27, 2010, only 800 human lives were lost. The literature indicates
that the impact of earthquake in developing countries is more severe due to economic and social
factors (Nam, Kingdom, States, Region, & Country, 2013).
According to the United Nations, Nepal is the 11th most earthquake prone country (UNDP,
2009). It has a history of devastating earthquakes as it falls within high seismic region. The
country’s high seismicity is related to the presence of active faults between tectonic plates along
the Himalayas, such as the Main Boundary Fault (MBT) and Main Central Thrust (MCT).
Through the observation of a chronology of earthquakes in Nepal from 1934-2015, the
magnitude of most of the devastating earthquakes is found to be greater than 6 on Richter scale.
Observations also suggest high intensity earthquakes occur about once every 75 years, and
earthquakes of lower intensity occur frequently especially during the rainy season (Saarc, 2009).
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There have been four major earthquakes in the last 80 years. The 1934 earthquake, which
affected Bihar and Nepal, resulted in a casualty of 3,400 lives in Kathmandu valley alone. In
1980, the area of western Nepal was struck by a powerful earthquake in which many people died,
and considerable property was lost. On August 21, 1988, an earthquake of magnitude 6.6, with
its epicenter at Eastern Nepal, killed 717 people and destroyed several thousand houses. On April
25, 2015 the Gorkha Earthquake of magnitude 7.9 followed by a major aftershock with a
magnitude of 7.3 on May 12, 2015 was the most devastating earthquake until now.
Approximately 9,000 people lost their lives and more than 22,000 people were injured. As per
the latest estimates, more than half a million houses were collapsed or damaged (GEER, 2015).
This earthquake caused widespread damage to social sectors, production sectors, and
infrastructure sectors.
Apart from its geographical structure and active tectonic plates, limited disaster management
programs, lack of coordination among agencies to disaster management, the absence of public
awareness, and the scarcity of modern technology are some other obstacles to coping with
natural disaster in Nepal. Although many non-governmental agencies have invested a lot of
efforts on earthquake impact reduction in Nepal, the earthquake impact in the capital city
Kathmandu has continued to grow due; population growth, high rate of unplanned urbanization,
use of inappropriate technology in the construction of buildings, lack of basic infrastructures,
inappropriate organization system, and lack of awareness (Aydan & Ulusay, 2015).
All these problems indicate that there is a need for a proper risk mitigation plan that covers
actions that can be taken during and after an earthquake. An earthquake is a natural hazard, and
the frequency of its occurrence cannot be reduced. However, its impact on people and the
economy can be reduced by applying certain risk mitigation strategies and having a proper

9

preparedness plan. To reduce the risk in the Kathmandu Valley as a whole, there is a need of
possible cooperative work between communities and the municipality. How a community will
respond during an emergency event and what recovery measures are available after the event are
crucial in mitigating the magnitude of damage.
Among the five different municipalities of Kathmandu, this study focused on the Kirtipur
Municipality and studied four different wards of Kirtipur, namely ward numbers 9, 10, 11 and
12, known as Panga as shown in Figure 1. Factors considered included its vulnerability due to
improper infrastructure, unplanned urbanization, poor infrastructures, lack of public awareness,
and large scale of damage caused in the 2015 earthquake. Kirtipur lies within the proximity of
Kathmandu, has rapid urbanization, and retains the rural characteristics of an ancient settlement.
The disaster mitigation work in Kirtipur is not well organized.

Figure 1: Study Area within the Kirtipur Municipality
Source: (Icimod, 2003)

The study analyzed the Kirtipur municipality with respect to its geography, population, built
environment, culture, and preparedness status. The research indicated that local people in the
10

Kirtipur formed a Disaster Management Committee to improve preparedness for natural disasters
only after the 2015 earthquake(Post, 2015). Although there are some initiatives with community
groups at the local level, there is still a lack of good cooperation and coordination. The damage
pattern of the 2015 Gorkha Earthquake showed an evidence of the need for enhancing the
earthquake impact management of the Kirtipur Municipality (CIUD, 2015).
Statement of problem
The purpose of this study was to develop a mitigation plan for the impact of earthquakes
that includes the suitable strategies to reduce the potential impact of earthquakes on residents of
the Kirtipur municipality of Kathmandu, Nepal. The plan was developed by studying the
vulnerability of four wards in Kirtipur, analyzing mitigation plans from USA, Japan, India, and
Pakistan, and applying the relevant factors to Kirtipur.
Objectives of study
The following were the objectives of the project:
a) To study the building, land use pattern, and population of Kirtipur to incorporate all of
these factors in the response plan.
b) To determine the number of damaged households during 2015 earthquake and analyze
the vulnerability of the remaining buildings.
c) To gather appropriate earthquake impact reduction strategies followed by Japan, United
States, Pakistan, and India.
d) To assess risk management strategies associated with preparedness, mitigation, and
response action to increase resilience of each household and community.
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Significance of the problem
This research was done because it encourages the study of earthquakes’ potential impact.
It also increases the knowledge of vulnerabilities, damages and stresses the need of proper
mitigation plan for reducing impact of earthquakes. One of the major important facts is that
earthquakes are inevitable in Nepal as it occurs frequently and a great earthquake occurs once in
75 years. The probability of occurrence of earthquakes cannot be reduced however, their impact
can be reduced by having a proper planning and coping measures. The major significance of this
project was to provide appropriate strategies to cope and reduce the impact from this problem.
Moreover, the evaluation of mitigation and response plan for a community will also shed
light on strength and weakness of the community. This can help other communities with
different configuration to practice mitigation and response strategies with certain modification if
required. The recommendations provided for the four wards can be implemented in other wards
of the municipality and can be duplicated with proper adjustments to other similar municipalities
in Nepal.
Limitations
The limitations related to study are listed below:


Nepal being diverse in land and culture, research findings for the study area may not be
applicable to other areas of the country.



Another limitation was the amount and type of data available on land use pattern.

Definitions
Active Fault: One that has moved once or more times in the past 10,000 years and therefore
likely to move sometime in the future.
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Main shock: The biggest earthquake in a series
Aftershock: Smaller earthquakes that occur after the main earthquake in the same place as the
main shock. Aftershocks can continue for many weeks, months or years.
Foreshocks: These are smaller earthquakes in the same area as the following larger earthquake.
Until the larger earthquake hits scientists are unable to predict if they are foreshocks.
Peak Acceleration: The highest acceleration during an earthquake
PGA: The maximum acceleration amplitude measured or expected in a strong-motion
accelerogram of an earthquake.
Seismicity: A geographic and historical distribution of earthquakes. A term to quantify the
space, time, and magnitude of earthquake occurrences.
Seismograph: It is a very sensitive instrument that can detect, measure and record ground
vibrations and their intensities during an earthquake.
Seismic Zone: Seismic zones are areas defined on a map within which seismic design
requirements are constant.
Focus or Hypocenter: The point of rupture that is located near the surface or deep below it.
Epicenter: The point on the surface vertically above the focus.
Chowk: A courtyard or a road junction
Pati: An outdoor space usually located at courtyards, junction of roads, and temples.
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CHAPTER II
LITERATURE REVIEW
Earthquake
An earthquake is a sudden and violent shaking of the earth when large elastic strain energy
released spreads out through seismic waves that travel through the body and along the surface of
the earth. When the plates under the earth’s crust contact each other, stresses arise in the crust.
Faults are the areas of stresses on the plate boundaries that release accumulated energy by
slipping and rupturing. Generally, a rupture occurs along a fault when accumulated stresses
overpass the supporting capacity of the rock mass and the rock rebounds under its own elastic
stress until the stress is relieved (Murty, 2004a). The point of rupture as shown in Figure 2 is
known as the focus or the hypocenter and is located either near the surface or deep below it.
Epicenter of the earthquake is the point on the surface vertically above the focus as shown in
Figure 2. The vibrations generated by the fault rupture is called seismic waves that radiate

Figure 2: Hypocenter and epicenter of earthquake
Source: (Murty, 2004b)
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outward from the source of the earthquake along the surface and through the Earth at varying
speeds, depending on the material through which they move (“Earthquake Terminology,” 2012)
Types of Earthquake
There are two different categories of earthquakes based on their plate movement. One is Interplate Earthquakes that occurs along the boundaries of the tectonic plates and the other is Intraplate Earthquakes, which occur within the plate itself away from the plate boundaries (Murty,
2004a). In both types of earthquakes, the slip generated at the fault during earthquakes is along
both vertical and horizontal directions called Dip Slip and lateral directions called Strike Slip,
with one of them dominating. The types of slip generated at the faults are shown in Figure 3.

Figure 3: Types of Faults
Source: (Murty, 2004b)
Magnitude and Intensity of Earthquake
The severity of an earthquake is generally expressed in terms of both magnitude and
intensity. The magnitude of an earthquake is a quantitative measure of the amount of energy
released at the source i.e. the focal area. It is estimated from instrumental observations. Richter
scale, defined in 1936 is the oldest and most popular measurement of magnitude of an
15

earthquake. It is an exponentially increasing scale. An increase in magnitude (M) by 1.0 implies
10 times higher waveform amplitude and about 31 times higher energy released (Murty, 2004b).
Thus, an energy released in a M7.5 earthquake is about 31 times more than that released in a
M6.5 earthquake.
The intensity is a qualitative measure of the actual ground shaking at a location during an
earthquake, and is assigned Roman Capital Numerals. Two commonly used intensity scales are
the Modified Mercalli Intensity (MMI) scale that was first developed by Mercalli in 1902 and
Medvedev-Sponheuer-Karnik (MSK) scale developed in 1964. Both scales are quite similar in
range from I being least perceptive to XII being most severe. Both expresses the intensity of
earthquake effects on people, structures and earth’s surface in steps from I to XII. The intensity
scales are based on three features of shaking - perception by people and animals, performance of
buildings, and changes to natural surroundings (Murty, 2004b). Table 1 gives the approximate
relationship between earthquake intensity and magnitude.
Table 1: Relationship between earthquake magnitude and intensity
Source: (United States Geological Survey, 2012)
Magnitude

Typical Maximum Modified
Mercalli Intensity

1.0-3.0
3.0-3.9

I
II-III

4.0-4.9

IV-V

5.0-5.9

VI-VII

6.0-6.9

VII-IX

7.0 and higher

VIII or higher
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Damages in Earthquake
Every year more than a million earthquakes are detected by sensitive seismographs on
earth. The frequency of occurrence of earthquake, magnitude, and description are summarized in
Table 2. From the analysis of such records, it can be concluded that small earthquakes occur
more frequently than larger ones. However, over 50,000 of these earthquakes are large enough to
be felt by people each year.
Table 2: Frequency of Occurrence of Earthquakes Based on Observation since 1900
Source: http://earthquake.usgs.gov/earthquakes/eqarchives/year/eqstats.php
Description
Great
Major
Strong
Moderate
Light
Minor
Very Minor

Richter Scale in
Magnitude(M)
8 and higher
7-7.9
6-6.9
5-5.9
4-4.9
3-3.9
<3.0

Average Annually
1
15
134
1319
13,000(estimated)
130,000(estimated)
Magnitude 2 - 3: about 1,000 per day
Magnitude 1 - 2: about 8,000 per day

The damage due to earthquake is maximum at the epicenter. Earthquake related damages
can be roughly divided into ground motion, physical and structural damages and other hazards.
When seismic waves reach the surface of the Earth, the surface moves and create cracks on
ground as shown in Figure 4.
The extent of ground motion depends upon the scale of the earthquake and distance from
epicenter. The magnitude of ground motion is reduced as the distance from the epicenter
increases. The ground motion frequency is a significant feature that determines the extent of
damage to the structures, and nature of construction that can be affected (Finn, 2009). Most
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causalities, damages and economic losses caused by earthquakes result from strong ground
motion acting upon buildings incapable of withstanding such motion.

Figure 4: Damage due to ground shaking caused by 2015 Gorkha Earthquake
Source: https://en.wikipedia.org/wiki/April_2015_Nepal_earthquake

Liquefaction, landslide and tsunami are the basic physical land destruction caused by
earthquake. The ground is shaken so much that it gets loose and slides downhill, taking
everything down with it. It destroys habitat along the hillside and at the bottom too. Liquefaction
occurs when water saturated sediment moves and acts like a liquid. During an earthquake, the
ground shaking loosens moist soils in the area, which separates the particles, and the ground
begins to act like a fluid. Any heavy objects sitting on liquefied ground will rapidly sink.
Landslide is highly destructive, besides damaging buildings and other structures,
landslides increase the impact by blocking and devastating roads, and cause flash floods through
blocking rivers. During the 1964 Anchorage (Alaska) earthquake, landslides triggered by very
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strong local ground motion devastated the Turnagain Heights residential development and many
downtown areas in Anchorage (Montoya, 2002).
If the structures are weak, or extremely rigid to withstand severe vibrations, they will
collapse. The tall buildings may experience extreme vibrations due to their height, and may fall
down or into each other. Other hazards that may cause earthquake damage include fire, rupturing
of power or gas lines, sanitation, and water supply pipes, and failure of transportation and means
of communication may hinder rescue efforts.
Earthquake vulnerability and risk reduction in Nepal
Nepal is a landlocked country located in south Asia between China and India. It is a small
country of 54,362 square miles in area with length of 550 miles and width of 90 to 60 miles. The
Himalayas fall within the country's boundaries, thus Nepal is well known for its mountainous
and hilly topography. About 83% of the total land is mountains and hills; the remaining 17% are
flat land. Despite its small size, Nepal's geography is very diverse from its lowest point of 70 m
above sea level to its highest point at Mount Everest of 8,848 m. Nepal is made up of three

Figure 5: Geographical Division of Nepal
Source: https://commons.wikimedia.org/wiki/File:Nepal_topo_en.jpg
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regions as shown in Figure 5 that is defined by its topographical changes. In the north are the
Himalays, then the hills with the Mahabharat range plus Churia hills and finally Terai in the
south with some flatter forested or cultivated areas. The Himalayan region creates border to the
north and incorporates 16% of the country’s land. The Hills region takes in 65% of Nepal's land
area and holds the country's capital – Kathmandu. The Terai makes up 17% of the country's land
area. The region is ideal for agriculture with the flat lands.
The administrative division of the country consists of five Development Region as shown
in Figure 6, and each region consisting Himalayan, Hilly and Terai area to promote an equal
opportunity of development. Within these development regions, there are total 14 zones and 75
districts. Each district is then divided into number of Municipalities and Village Development
Communities. The administrative division of Nepal is summarized in Figure 7.

Figure 6: Map of Nepal with Geographical Division and Development Regions
Source: http://ncthakur.itgo.com/map04.htm
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Figure 7: Administrative Division of Nepal
Source: https://en.wikipedia.org/wiki/Administrative_divisions_of_Nepal
Geological Framework of Nepal
Nepal occupies the central sector of Himalayan arc. Nearly one third of the 2400 km long
Himalayan range lies within Nepal. Similar to other parts of the Himalaya, from south to north,
Nepal can be also subdivided into the following five major tectonic zones: Gangetic Plain, SubHimalayan (Siwalik) Zone, Lesser Himalayan Zone, Higher Himalayan Zone, Tibetan-Tethys,
and Himalayan Zone as shown in Figure 8. These all tectonic zones are separated from each
other by the thrust faults (Bhattarai & Conway, 2010).
The three major thrust faults in Nepal are shown in Figure 9. The Main Frontal Thrust
(MFT) that separates the Sub-Himalayan (Siwalik) Zone from Gangetic Plains, Main Boundary
Thrust (MBT) lies between Lesser Himalayan Zone and Siwalik, and the Main Central Thrust
(MCT) separates the Higher Himalayan Zone from the Lesser Himalayan Zone (Bhattarai &
Conway, 2010).
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Figure 9: Geological map of Nepal
Source: (Bhattarai & Conway, 2010)
These faults were produced by the collision of the Indian Plate with the Eurasian Plate.
Saijo et al. (1995) and Yagi et al. (2000) reported the existence of active faults in the SW part the
Kathmandu basin and they are cutting the Late Pleistocene sediments and have a vertical
displacement rate of 1 mm/yr. (Aydan & Ulusay, 2015)

Figure 8: Generalized cross section of Himalaya
Source: (Bhattarai & Conway, 2010)
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History of Earthquake in Nepal
The country has a long history of destructive earthquakes. The major earthquakes in
terms of magnitude and loss of life and building damage are listed in Table 3. The earthquake of
1255 is the oldest known earthquake in the history of Nepal earthquake that destroyed many
houses and temples and killed one third to one fourth of the population of Kathmandu Valley.
This section summarizes anecdotal and documented evidence of these earthquakes, along with
their associated evidence of side effects.
Table 3: History of Nepal Earthquake
Source: https://en.wikipedia.org/wiki/List_of_earthquakes_in_Nepal
Date

Location of Epicenter

Magnitude(M)

Fatalities

7 June 1255

Kathmandu

7.8

2,200

6 June 1505

Karnali

8.8

6,000

26 August 1833

Kathmandu/Bihar

8.0

6,500

26 August 1916

Nepal/Tibet

7.7

3,500

15 January 1934

Nepal/Bihar

8.4

8,500

29 July 1980

Nepal

6.5

125

20 August 1988

Kathmandu/Bihar

6.6

721

18 September 2011

Sikkim/India

6.9

164

25 April 2015

Gorkha

7.9

9000

12 May 2015

Kodari

7.3

213

The 1934 earthquake of magnitude 8.1, also known as Great Nepal Bihar Earthquake,
was the strongest earthquake of the 20th century and this earthquake caused the highest number
of casualties ever recorded in Nepal before the 2015 earthquake. The epicenter was located in
eastern region, 9.5 km south of Mount Everest. Kathmandu Valley experienced an extreme
damage, and most of the buildings were destroyed in the four main cities of the valley:
23

Kathmandu, Bakhtapur, Kirtipur and Patan. More than 8,500 people lost their lives, more than
126,000 houses were severely damaged, and more than 80,000 buildings completely collapsed
(GEER, 2015).
The 1980 earthquake with M6.5 on Richter scale affected mostly the far western portion
of Nepal. 125 people lost their lives, 248 were seriously injured. 13,414 buildings were severely
damaged and 11,604 buildings were completely destroyed (GEER, 2015).
The 1988 Udaipur Earthquake with M 6.9 magnitude affected mostly the eastern region
of the country. Earthquake resulted in 721 deaths, 6553 serious injuries, and damages in more
than 65000 buildings. Total direct loss due to the earthquake was reported to be 5 billion rupees
(GEER, 2015).
The 2011 earthquake of M6.9 with the epicenter 272 km east of Kathmandu caused
widespread damage in the country. This earthquake was mostly felt in the eastern and central
Nepal, including Kathmandu. Although the earthquake caused extensive damage in several
buildings, there were only three reported deaths due to this earthquake. Earthquake cause 164
injuries out of which 30 were critical, collapse of more than 6,000 houses, and damages in more
than 14000 houses (GEER, 2015).
The 2015 earthquake of M 7.9, also known as Gorkha earthquake was followed by a
series of aftershocks up to a magnitude of 7.3, mostly to the east of the original epicenter causing
further localized damage. The earthquake sequence resulted in nearly 9,000 deaths and tens of
thousands of injuries, and it has left hundreds of thousands of inhabitants homeless. Damage to
roadways, bridges and retaining structures was also primarily related to land sliding (GEER,
2015).
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Disaster Management Situation in Nepal
The full implementation of the seismic risk reduction strategy directly depends on
economic resources of the country and understanding of the existing problem (Balassanian,
2000). Nepal, being a developing country, has a very low pace for activities related to disaster
risk reduction. As a result, the history of disaster risk mitigation in Nepal is relatively short
compared to the rest of the world (Chhetri, 1999).
The 1988 Udayapur earthquake was the major awakening event for Nepal and people that
provided lessons regarding earthquake damages (“NSET-Nepal,” n.d.). Since then, Nepal has
made significant progress towards disaster risk reduction, beginning with the formulation of the
National Building Code in 1992. Several other standards for safeguarding infrastructure and
preparation of an Action plan for Disaster Management were carried out. National Society for
Earthquake Technology-Nepal (NSET) was founded in 1993 after seeing the need to have a NonGovernmental Organization leading the charge (“NSET-Nepal,” n.d.). The first version of the
National Action Plan (NAP), presented at Yokohama Conference, was subsequently modified
and endorsed by the Government in 1996. Later in 1998, the Local Self Governance Act
authorized and encouraged governments to promote disaster risk reduction (DRR) at the local
level. Creation of the National Strategy for Disaster Risk Management (NSDRM) in 2007 and its
formal acceptance by the government in 2009 became a milestone of DRR in Nepal (MOHA,
2009a, b). Establishment of the National Emergency Operation Centre (NEOC) to provide
round-the-clock vigilance on disaster events and to provide guidance and instruction to response
organizations is another achievement (Jimee, 2006).
NSET, since its establishment, has been working especially in Kathmandu Valley to raise
public awareness against earthquake risk at community level. Earthquake awareness was a major
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component of Kathmandu Valley Earthquake Risk Management Program (KVERMP), one of the
successful programs of NSET (Jimee, 2006). After this project, NSET continued the awareness
program through other projects such as School Earthquake Safety Program (SESP), Municipal
Earthquake Risk Management Project (MERMP), critical facilities and lifeline vulnerability
assessment, Community Based Disaster Management (CBDM) program, training and orientation
program and Earthquake Safety Day (ESD), etc. (Pandey, B.H , Guragain, 2002). NSET
frequently organizes interactive activities, including discussions on radio and television.
Technical seminars for professionals of the building industry and training programs for masons
have increased the technical knowledge in the communities. NSET has demonstrated how
different building types, both with and without seismic reinforcement, would react to a high
intensity earthquake like that of 1934. A simple shaking table and one-tenth scale models of
typical Nepalese buildings was used for demonstration as shown in Figure 10. Figure 11 shows
the demonstration conducted in School to aware students on how to perform during earthquake.

Figure 10: Shake table demonstration by NSET
Source: http://www.riskred.org/schools.html
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Figure 11: School Earthquake safety program
Source: http://www.riskred.org/schools.html
The Japan International Cooperation Agency (JICA, 2000) carried out a detailed study on
Earthquake Disaster Mitigation in Kathmandu Valley in 2001. They prepared a series of
vulnerability maps for buildings and infrastructures including liquefaction susceptibility map. In
this way, initiatives have been taken by national and international agencies for the reduction of
earthquake vulnerability in the cities of Kathmandu valley.
Despite all these activities (which have been carried out for the community based disaster
management and awareness arising in Kathmandu valley), the communities on the outskirt of
capital city still lacks the attention. It is necessary to make those communities aware of the risk
mitigation approaches that can be achieved at local level. This research intends to propose a risk
mitigation approaches for a small community within Kathmandu to have less impact on the life
and property due to earthquake. In other words, this project aims to have a proper earthquake
preparedness and recovery plan to make a community earthquake resilient.
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Kathmandu Valley
Kathmandu Valley is at a mean elevation of 1,350m above sea level. It comprises three
districts: Kathmandu (395 sq. km), Lalitpur (385 sq. km) and Bhaktapur (119 sq. km). There are
five municipalities in these three districts as shown in Figure 12. These five municipalities are
the main growing urban areas of Nepal: Kathmandu Metropolitan, Lalitpur sub-metropolitan,
Bhaktapur Municipality, Kirtipur Municipality and Madhyapur Thimi Municipality.
These settlements have become important towns economically and politically. The valley
is the cultural, touristic, educational, administrative, security, health and financial center of
Nepal. Hence, it has become the favorite destination for migration from rural area. With a
population of 2.5 million people, the Kathmandu Valley is growing at 4% per year, one of the
fastest-growing metropolitan areas in South Asia, and the first region in Nepal to face the
unprecedented challenges of rapid urbanization and modernization at a metropolitan scale (Bank,
2013).

Figure 12: Five Municipalities of Kathmandu Valley
Source: (Bhattarai & Conway, 2010)
28

The Kathmandu valley comprises of thick semi-consolidated fluvio-lacustrine Quaternary
sediments on the top of basement rocks as shown below in Figure 13. Piya (2004) reports that the
maximum thickness of the valley sediments reaches up to 550 m at the central part of the valley
and the basement rocks composed of Precambrian to Devonian rocks, such as limestone,
dolomite, slate, marble, schist, meta-sandstone, phylitte, and quartzite (Aydan & Ulusay, 2015)

Figure 13: Geological cross section of Kathmandu Valley
Source: (Piya, 2004)
Kirtipur Municipality
Kirtipur Municipality is situated in the southwest of the Kathmandu Valley as shown
above in figure 12, which is located at 27º 38’ 37" to 27º 41’ 36" North and 85º 14’ 64" to 85º
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18’ 00" East. It is located 5 kilometers southwest of Kathmandu, the capital city of Nepal and has
an area of 17.87 sq.km. Kirtipur Municipality has become an integral part of the valley; the
University of Nepal, Tribhuvan University is situated here. It is situated on a double hillock,
bordered by the Bagmati River to the east. The geographical boundaries of Kirtipur Municipality
are shown in Table 4, whereas Figure 14 shows the administrative boundaries of the
Municipality. Kirtipur Municipality was established in 1997, and it is divided into 19 wards. The
total population of this municipality is 67,171 according to 2011 census. Major ethnic caste
groups are Newar, Chettri and Brahmin. (Icimod, 2003).
Table 4: Geographical Boundaries of Kirtipur
East

Lalitpur Sub-metropolitan city(LSMC)

West

Machhengaun VDC

North

Kathmandu Metropolitan City(KMC)

South

Chalnakhel VDC

Figure 14: Administrative Boundaries of Kirtipur
Source: (Icimod, 2003)
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The settlement of Kirtipur is heterogeneous. It has high-density traditional settlement at
the center while the new settlement is developing on the periphery of the city. Being one of the
oldest settlements in the Kathamandu valley, it has many cultural heritages, and majority of these
structures are concentrated in the old core areas (Icimod, 2003).
Most of the Kirtipur Municipality contains soft alluvial soil of Kalimati formation and
only about 8-10% of the area consists of hard and soft rock (Kumar & Subba, 2011). Kalimati
formation consists of dark grey carbonaceous laminated clay and diatomaceous beds of pen
lacustrine facies. The formation name was given after a locality called Kalimati, situated in the
southwestern part of Kathmandu city, where the so-called Kalimati meaning Black mud in Nepal
is very well exposed. The Kalimati formation is also extensively found beneath Kirtipur area.
Hence, Kirtipur is also prone to earthquake (Piya, 2004).
In 2015 earthquake, wards 9, 10, 11, 12, 16, and 18 of Kirtipur were hit hard while other
wards were also damaged. It have been reported that more than 150 people from different parts
of the municipality lost their lives. Most of the casualties in this area was a result of building
collapse (CIUD, 2015).
Nepal Red Cross Society and NSET have worked to raise the awareness about earthquake
through various training related to disaster management and rescue programs. A Disaster
Management Committee has been established in Kirtipur to improve preparedness for natural
disasters such as earthquake in the area. The committee, in which 50 percent of the members are
women, also has separate teams for pre-information and communication, search and rescue, first
aid, loss and need analysis, and drinking water and sanitation. Community Disaster Management
Committee (CDMC) has been actively working and dedicating its effort in disaster preparedness
activities particularly focusing on earthquake preparedness since its establishment in 2003. It has
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been formed to execute disaster risk reduction measures developed by government and nongovernment organization and for after disaster emergency responses. CDMC has provided
training to hundreds of people living in the community in field of first aid, search and rescue,
disaster management, fire-fighting and water sanitation and hygiene (WASH) etc. (Jimee, 2006) .
Disaster Risk
Disaster risk is a function of the hazard, the vulnerability and the exposed elements, and
changing each of these dimensions also will change the risk (Lugeri et. al, 2010). The United
Nations provides definitions of certain parameters to explain how risk is assessed (Montoya,
2002) as follows:
Natural hazard (H) determination involves the estimation of the probability of occurrence,
within a specific period in a given area, of a potentially damaging natural phenomenon. The
disciplines concerned are earth and atmospheric science.
Vulnerability (V) determination involves the estimation of the degree of loss suffered by a
given element at risk or a set of such elements, resulting from the occurrence of a natural
phenomenon of a given magnitude and expressed on a scale from zero measuring no damage to
one measuring total damage. The disciplines concerned are human geography, construction
engineering, etc.
The elements at risk (E) include the population, buildings, civil engineering works, economic
activities, public services, utilities and infrastructure, etc., at risk in a given area.
Specific risk (Rs) determination involves the estimation of the expected degree of loss due to a
particular natural phenomenon and as a function of both natural hazard and vulnerability
(Rs=HxV). The disciplines concerned are human geography, construction engineering, etc.
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Risk (Rt) determination involves the estimation of the expected damage or loss of property and
human lives and the disruption of economic activity due to a particular natural phenomenon
(Rt=ExRs). The disciplines concerned are urban planning, urban and human geography, and
economy.
When such risk has been determined, planners need to identify whether it is within
tolerable limit i.e. if the risk is acceptable or should it be managed. Risk may be at an acceptable
level, not requiring or necessarily justifying government intervention, or it may be unacceptable,
requiring small to massive investments to mitigate the threat to life and property. Acceptable risk
is defined as the possible losses that could be accepted by a community in return for a degree of
profit or benefit (Montoya, 2002). The United Nations Disaster Relief Coordinator considers it
unacceptable when, “a community undergoes severe damage and incurs such losses to its
members and physical appurtenances that the social structure is disrupted and the fulfilment of
all or some of the essential functions of the society is prevented” (Montoya, 2002).
Disaster Risk Management
Events like earthquake and resulting landslides and tsunamis are inevitable. However,
some of the disasters triggered by them are not. To assess risk on various levels and to adapt to
changes in risk, iterative loss estimations and management are needed because property values,
costs of repair and replacement, building materials, design and practice, and building codes
change over time (Sadeghi, 2015). The Global Risks Report published by the World Economic
Forum (2014) concludes that better efforts are needed to understand, measure, and foresee the
evolution of interdependencies of risk. It issued a stark warning that economic losses linked to
disasters are ‘‘out of control’’ and will continue to escalate unless disaster risk management
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becomes a core part of business investment strategies and call for higher investment in risk
reduction strategies (Sadeghi, 2015).
Disaster Risk Management consist of an organized effort to mitigate against, prepare for,
respond to, and recover from a disaster (Federal Emergency Mangement, 1988). Each phases of
the disaster risk management is depicted in figure 14 and are described as the following:
Mitigation relates to pre-activities that actually eliminate or reduce the chance or the effects of a
disaster. Mitigation activities involve assessing the risk and reducing the potential effects of
disasters, as well as post-disaster activities to reduce the potential damage of future disasters.
Examples of mitigation mechanisms include land-use regulations, engineering works, building
codes and insurance programs. Mitigation measures are two-folds: prevention of development in
hazardous land and reduction of damage in built-up areas.
Response refers to activities that occur during and immediately following a disaster. They are
designed to provide emergency assistance to victims of the event and reduce the likelihood of
secondary damage. Response activities include search and rescue, evacuation, emergency
medical services and firefighting, as well as reducing the likelihood of secondary effects, for
example to the contents of damaged buildings. Local government officials, as well as the
community itself, constitute the ”first responders” and therefore have to handle disasters for
hours or even days before state and foreign resources arrive on the scene.
Preparedness consists of planning how to respond in case an emergency or disaster occurs and
working to increase the resources available to respond effectively. Preparedness covers
contingency planning, resource management, mutual aid and cooperative agreements with other
jurisdictions and response agencies, public information, and the training of response personnel.
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Recovery constitutes the final phase of the disaster management cycle. Recovery continues until
all systems return to normal or near normal. Long-term recovery from a disaster may go on for
years until the entire disaster area is either completely restored or redeveloped for entirely new
purposes that are less disaster-prone. Recovery activities encompass temporary housing,
restoration of basic services such as water, electricity, food and clothing, debris clearance,
psychological counselling, job assistance, and loans to restart small businesses.

Post-disaster

Figure 15: Disaster Management Phases
Source: (Montoya, 2002)
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As shown in Figure 15, predisaster management includes mitigation and preparedness.
Whereas, recovery and response fall under the post-disaster mangament activitites. The decision
whether to implement various risk mitigation plans or not depends on the analysis of probability
of occurance of an event and to its impact. Any event that has low chance of occurance, and has
low impact even if it occurred; then it is considered as low risk as shown in matrix of Figure 15
and it might be considered as acceptable risk. Likewise, as shown in the matraix in Figure 16,
some events fall under the high risk category that need to be taken care of immediately as they
occur frequently, and the impact that they cause is also catastrophic. For instance: The
probability of occurance of earthquake in California and Alaska is high, and its imact is also
high. So various risk mitigation measures have been implemented to reduce the impact in future.
The probabilty of occurance of earthquake in Florida is low but the impact may be high if it
occurred. There are not any records of earthquake in Florida in the last 30 years, and people may
be willing to accept the risk rather than investing in earthquake resistant plan(“Top Earthquake
States,” n.d.).

Figure 16: Risk matrix showing probability and impact relation
Source: https://soniajaspal.files.wordpress.com/2014/06/risk-assessment-matrix.jpg
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Summary
This chapter gave the general overview on causes and damages of earthquake. Moreover,
it has discussed about the earthquake vulnerability in Nepal by providing information on
geological framework, history of earthquake and disaster management situation in Nepal. In
addition, the chapter described the capital city Kathmandu valley, and explained in detail about
the Kirtipur Municipality, its configuration, damage due to 2015 earthquake, and mitigation
approaches followed by community until date.
Earthquake is a natural hazard that cannot be prevented, but the impact due to its
occurrence can be reduced to certain level by having proper management plan. The necessity of
proper management and mitigation plan has be proved by the damage caused due to the 2015
Gorkha Earthquake. If Nepal had proper plan to reduce the impact of such hazards, the country
would not have lost so many lives and faced devastation. Although having an earthquake-impact
reduction plan would not save all the people, it will definitely reduce the impact, and saving even
one life values a lot. This lack of proper management and mitigation plan shows the need for this
study.
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CHAPTER III
METHODOLOGY
This chapter describes how the project was conducted, the methods and techniques used to
design, plan, and execute the work. The purpose of this study was to develop a plan for
earthquake impact mitigation that includes the suitable strategies to reduce the potential impact
of earthquakes on residents of the Kirtipur municipality of Kathmandu, Nepal. The plan was
developed by studying vulnerability of four wards in Kirtipur, analyzing mitigation plans from
USA, Japan, India and Pakistan, and applying the relevant factors to Kirtipur.
The following were the objectives of the project:
a. To study the building, land use pattern, and population of Kirtipur to incorporate all
of these factors in the response plan.
b. To determine the number of damaged households during 2015 earthquake and
analyze the vulnerability of the remaining buildings.
c. To gather appropriate earthquake impact reduction strategies followed by four
different earthquake prone countries: Japan, United States, Pakistan, and India.
d. To assess risk management strategies associated with preparedness, mitigation, and
response action to increase resilience of each household and a community.
Study Area
The project selected ward numbers 9, 10, 11 and 12, known as Panga, within the Kirtipur
Municipality of Kathmandu Valley as the study area. Factors considered included its
vulnerability due to improper infrastructure, unplanned urbanization, poor infrastructures, lack of
public awareness, and large scale of damage caused in the 2015 earthquake. Another reason for
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selecting this area was due to presence of old as well as new residential building within it, and it
typifies problems faced by other urban areas across Nepal. There is an urgent need for rational
planning to manage urban growth, with due attention on disaster planning and management.
Procedure
The working procedure for this project has been shown graphically in Figure 17 and the
study in this project was divided into four different stages as follows:
1. Data collection on population, land use pattern, income, school and religious buildings
and construction types of Kirtipur.
2. Determine the total number of households damaged due to recent earthquake and analyze
vulnerability of the remaining buildings in a community by using the damage matrix
developed by Japanese International Coorporation Agency (JICA) during Earthquake
Disaster Mitigation in Kathmandu Valley.
3. Study and analysis of mitigation approach and strategies followed by four earthquake
prone countries: Japan, United States, Pakistan, and India.
4. Application of appropriate strategies to the study area.
Research Methods
Qualitative research method was chosen for this project because it was suitable when the
emphasis is on the understanding of the underlying problems (Creswell, 1990). The required data
for evaluation was gathered from previous filed surveys conducted by Community Disaster
Management Committee (CDMC) and International Center for Integrated Mountain
Development (ICIMOD), records, and the available literature.
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Problem

Literature Review

Study area

Theory

Interview

Data Collection

Analysis

Recommendation

Conclusion

Figure 17: Working Procedure of the Project
Data Collection
Primary Data
The data collection for the evaluation of the project was done in the following topics:


The population and the land use patterns of a community were studied. This data was
used in the planning evacuation map and helped to locate open area in the community.
The data was collected from census report 2011, an article named Kathmandu valley
profile, and GIS for municipal planning by ICIMOD.



The average gross income of people was gathered. This data was used to determine
affordability of the community. The data was collected from previous surveys: Nepal
household survey, Nepal Trend report, and survey report of CDMC.



The data was collected on the construction type: load bearing, Reinforced Concrete
framed, mixed type, which are/were prevalent in the community. The data was used in
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selecting appropriate strategy to strengthen the construction, and was collected from
survey reports of CDMC.


Total number of schools and other religious buildings in a community was collected. This
data helped to develop preparedness plan, as schools and religious places can be used for
emergency evacuation and early warning. This data was collected from GIS for
municipal planning by ICIMOD and Building and Planning Bylaws of the Kirtipur
Municipality.



The data on number of buildings damaged during the 2015 earthquake was collected
from CDMC survey report. This data was used to determine the vulnerability of the
remaining buildings, which helped in proposing appropriate actions to strengthen the
buildings.

The project incorporated perspectives of three individuals involved directly or indirectly to
earthquake mitigation program in Kirtipur. Interviews were conducted through phone calls or via
skype during the data collection phase. The professionals involved in interviews are Mr.
Bihendra Maharjan, Mr. Yogesh Maharjan, and Mr. Bal Krishna Maharjan; an engineer, member
of CDMC, and employee of the Kirtipur Municipality. The interviews were incorporated in this
project to get the information on situation of people, buildings and community after the 2015
earthquake. The information from these professionals helped to develop an overview of situation
of disaster mitigation status of people and community, behavior of people during earthquake, and
awareness of people regarding the damage and preparedness measure of earthquake.
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Secondary data
This data was extracted from relevant material: building codes, standards, engineering
books, magazines, and research articles. The study began with an informational retrieval on the
University library's databases Lucia and Google Scholar.
The search performed was for the detail analysis of mitigation strategies and approaches
followed by four major earthquake prone countries: Japan, United States, Pakistan, and India.
These countries were selected because they have high frequency of occurrence of earthquakes,
and have certain plans and strategies to reduce impact of the earthquake. These countries are able
to implement their response and recovery plans soon after the occurrence of earthquake. India is
one of the neighboring country of Nepal that is equivalently susceptible to earthquakes and the
design and methods of construction, material available are quite similar. The strategies that were
extracted from these countries are as follows:


Preparedness measures- emergency planning and evacuation map design



Mitigation measures- methods to increase the earthquake resilience of each
household and community as a whole; especially techniques to strengthen
masonry structure

Development of plan
Based on the result of the analysis of all the parameters mentioned, and modification to
the strategies and approaches, recommendations were provided on the measures and strategies to
be adopted from USA, Japan, India, and Pakistan to reduce impact of earthquakes in Kirtipur. An
appropriate plan was developed for the community that would be best suited for the people and
the community, economy, and culture. The plan included three major components as follows:
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a) Techniques to prepare home in order to reduce impact of earthquake
b) Measures to be adopted to increase family resilience
c) Methods of increasing community’s resilience at ward level

43

CHAPTER IV
RESULTS AND FINDINGS
This chapter describes the general observations of the data collected through census
reports, surveys conducted by ICIMOD and CDMC at Kirtipur, and interviews conducted with
Engineer, head of CDMC and Municipality employee. The major step involved in developing a
mitigation plan for reducing earthquake impact is the information on the vulnerability of the
community. The analysis of the data on population, land use pattern, income, construction types
and materials of the study area gave an overview of factors contributing to vulnerability.
Likewise, the study of damaged buildings caused by the 2015 earthquake gave the detail account
of vulnerability of buildings and helps in estimation of vulnerability of the remaining buildings
of the community. Finally, this chapter presents appropriate strategies that can be implemented
to reduce impact of earthquake in Kirtipur, which has already been implemented in India, Japan,
Pakistan and USA, and are economically feasible too.
Population and Land Use pattern
Population of Kirtipur is increasing at a fast rate. The 2001 census gave a total population
of 40,835 individuals with 21,686 males and 19,149 females in 9487 households. Likewise, the
2011 census recorded a total population of 67,171 individuals with 37,485 males and 29,689
females in 19,464 households. The growth rate of population is 6.5% and households is 10.5%
(Central Bureau of Statistics Nepal, 2012). The population from the year 2001 to 2011, based on
census report is shown in Figure 18.
Likewise, the land type and use pattern is shown in Table 5. Maximum area of the community is
a cultivable land that covers 59.71% of total area, and 10.31% is used for residential and
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commercial purpose (Pant & Dongol, 2009). Increase in population leads to increase in
households, and substantially decreases the percentage of open area in the community.

Figure 18: Population Growth of Kirtipur from 2001 to 2011
Source: http://www.citypopulation.de/php/nepal-kathmanduvalley.php?cid=27033

S.no

Table 5: Land use pattern of Kirtipur
Source:(Pant & Dongol, 2009)
Land use type
Land use class
Area(hectare) % of total

1.

Cultivation

Cultivation

944.08

59.71

2.

Plantation

Plantation

194.13

12.28

3.

Mixed

Built up

163.05

10.31

4.

Institutional

Built up

156.36

9.89

5.

Road

Road

41.33

2.61

6.

Open Area

Open area

37.85

2.39

7.

River

River

25.02

1.58

8.

Waste Land

Waste land

12

0.76

9.

Pond

Pond

4.8

0.30

10.

Heritage

Built up

2.39

0.15

11.

Total area

1581.02

100
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Income
The ethnic groups of this community are native Newars, Chetris, and Brahmins (Icimod,
2003). Land use change is also responsible for change in occupation structure of the people.
Until 1957, people’s main occupation was agriculture. However, acquisition of land by
Tribhuvan University and Horticulture Research Center between 1957 and 1961, changed
occupation of people. In 1964 over 83% of households had agriculture as their main occupation
with 4% wage employment and 1.7% industry occupation (Manandhar, n.d.). However, this
trend has been changed now. Nowadays, majority of households have their income source from
service, labor works and business as shown in Figure 19. According to the data analysis of the
survey conducted by CDMC, only 9.3% of the households have agriculture as their income
source.

Figure 19: Income source of the population
Source:(U. Shrestha & Maharjan, 2015)
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The data collected by CDMC on the monthly income of the residents of the damaged
household is shown in Table 6. About 52.8% of households in the community have their
monthly income below $100. According to the poverty line threshold of $1.25 per day, as set by
the World Bank, 97.9% of households lie below poverty line.
Table 6: Monthly income of residents of damages households
Source: (U. Shrestha & Maharjan, 2015)
Monthly Income(Nepalese
USD($)
N
Percent
Currency Nrs)
Below 10,000

Below 100

305

52.8

11,000-20,000

110-200

222

38.4

21,000-30,000

210-300

39

6.7

Above 30,000

Above 300

12

2.1

578

100

Total

Cultural Heritage and Schools
According to the data from Building and Planning Bylaws of Kirtipur Municipality, there
are nine temples and eight patis that can be used as temporary shelter in case of emergency. The
detail of the monuments available in the community is shown in Table 7. Likewise, there are five
schools within these four wards: Janasewa School, Panga Secondar School, Ujjwal Sishu, Nava
Jyoti School and Salvania Academy.
Table 7: List of Monuments in the community
Source: (R. L. Shrestha, 2008)
Name of Monument

Type

Ward no.

Lokeshore Dewal

Temple

9

Mahankal Dewal

Temple

9

Ganesh Dewal and Shiva Linga

Temple

9
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Hari Shankar Temple

Temple

9

Vishnu Devi Dyochhen

House of Goddess and Pati

10

Nasadyo Chhen and Dabali

House of Goddess and Pati

10

Sattal and Dyo Pukhu

Pati and Pond

10

Pati

Pati

10

Pati

Pati

11

Pati and Vidhanantak Ganesh Dewal

Temple

11

Ganesh Dewal

Temple

11

Balkumari Bicha Guthi Ghar

Pati

11

Balkumari Dewal

Temple

11

Dighu Pati( Bhajan Pati)

Pati

11

Seto Ganesh Temple

Pati

11

Pati, Jalasyan Narayan, Shiva Dewal

Temple

11

Pati, Shiva Dewal, Chaiyta

Pati

11

Building Types and Materials Used
The building structures of the community are predominantly load bearing type
constructed using sundried mud brick for interior walls and fired brick for exterior wall with mud
mortar (combination of mud, clay, lime in few cases and water). Table 8 shows the types of
building in Panga, materials used, and local name to the particular type of buildings. The survey
conducted by CDMC shows that 54.9% of buildings are constructed using brick with mud mortar
(BM), 9.9% of buildings are mixed design that have brick wall and mud and cement as mortar
(BMW and BC), and 35.2% of the buildings are reinforced concreate framed with brick and
cement masonry (RC Framed). These houses are connected to each other in a row with one side
common to the neighbor’s wall. Majority of the buildings constructed using brick with mud
mortar are two story, however newly constructed reinforced concrete framed buildings with
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brick masonry are more than 3 story. Figure 20 shows types and number of buildings in a
community.
Table 8: Types of Building in the community
Source: (U. Shrestha & Maharjan, 2015)
Description
Local name
Brick with Mud mortar (BM)

Kachhi

Material

Mud brick-sun dried not fired brick
used in interior walls, fired brick
used in exterior wall, mud mortar
(soil, clay, and water)

Brick with mud and cement mortar-

Kachhi-pakki

Mixed type (BMW and BC)

Fired brick, cement mortar on top
story, mud mortar at bottom story

Cement and brick (BC)

Load bearing

Fired brick with cement mortar

Reinforced concrete framed (RC

Pakki

Column and beam framed, fired

Framed)

brick with cement mortar

Percentage
60

54.9

50
35.2

40
30
20

9.9
10
0
BM

R.C Framed

BMW and BC

Figure 20: Type of Building in the community
Source: (U. Shrestha & Maharjan, 2015)
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Building Vulnerability
The degree of damage to building due to earthquake depends upon three major factors:
the earthquake characteristics, ground condition and building’s strength. In order to calculate
vulnerability of the building, total numbers and types of building damaged during 2015 Gorkha
earthquake are obtained. The data collected from CDMC recorded 578 households as damaged
out of 1334 households, which includes 471 Brick with mud mortar buildings, 90 mixed type
buildings, 13 cement brick masonry and 5 Reinforced Concrete frame with brick masonry
structures. Error! Not a valid bookmark self-reference. and

Table 10 show the detail of number and types of buildings damaged in 4 different wards.
The analysis of data shows structures built with brick and mud(BM) are more vulnerable to the
earthquake. Lower percentages were experienced in Brick and Cement(BC) and Reinforced
Concrete framed structure (R.C Framed) buildings, but even many of these were damaged due to
low engineering standards.
Table 9: Number of households damaged in 2015 Gorkha earthquake
Source: (U. Shrestha & Maharjan, 2015)
Ward No.

Unaffected
housed
286

Total Household
in ward
425

Percent

9

Damaged
Household
142

10

141

129

270

51

11

196

314

510

38

12

99

30

129

77

Total

578

756

1334

43

33.4

50

Table 10: Types of household damages in 2015 Gorkha earthquake
Source: (U. Shrestha & Maharjan, 2015)
Ward

Brick in

Brick Masonry with

Cement and

Reinforced

no.

Mud (BM)

mud and cement

Brick(BC)

Concrete Framed

(BMW-BC)

Total

Building(RC)

9

114

23

2

3

142

10

115

25

0

1

141

11

163

22

11

1
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0

0

99

Total

471=82%

90=15.5%

13=3%

5=0.86%
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Next step in this project was to analyse the vulnerability of the existing building of the
community. In order to analyse the vulnerabilty of the building, this projects incorporates the
vulnerabilty model developed by Japanese International Coorporation Agency (JICA). The Study
on Earthquake Disaster Mitigation in Kathmandu Valley in 2001-2002. JICA selected three
probable earthquakes in Kathmandu Valley and prepared expected earthquake intensity maps in
MMI as explained in Table 1 for each of them. These are:
a) North Bagmati earthquake: Except in mountainous areas, the Valley would experience
MMI VI or VII.
b) KV Local earthquake: The area along the fault would experience MMI IX. Other parts of
the Valley, except the mountainous areas, would be experience MMI VII or VIII.
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c) Mid Nepal earthquake: Except in mountainous areas, MMI VIII would be experienced in
the Valley.
The vulnerability model develped by JICA on the basis of peak ground acceleration (PGA) is
shown in Table 11. Same model is used to estimate the loss of the remaining building in the
community. According to the data, the number of buildings that are not damaged in the
community during 2015 earthquake are 765. Out of which 415 are brick with mud mortar (BM),
266 are Reinforced concrete framed structure (RC Framed), and 75 are the mixed structure with
brick, cement and mud (BMW and BC). Table 11 shows the result of calculation of the loss
estimation of buildings in three different earthquake scenarios. The percentage used for
calculation are derived from Table 11, assuming the worst case scenario that the buildings are
highly vulnerable to earthquake. According to the calculation shown in Table 12, if North
Bagamati Earthquake occurs, the number of buildings that will collapse will be 30 and 66 will be
partially damaged. In the case of KV Local Earthquake, the number of total collapse will be106
and that of partial damage will be197. Likewise, if the most disastrours Mid Nepal Earthquake
occurs, 230 buildings will be totally collapsed and 284 partially damaged resulting 67% of the
total building to be damaged.
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Table 11: Damage matrix for different types of building in Kathmandu
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Source: (Jica, 2002)

Calcuation of Building damage per earthquake scenario of the community
Case 1- North Bagmati Earthquake
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A. Type of Building=Brick in mud (BM)
Number=415
Total collapse percentage=6%, Partial damage percentage=8% (Using Table10)
No. of total collapse building= 6% of 415=25
No. of Partial collapse=8% of 415= 34
B. Type of Building= Brick in Mud and Brick in Cement (BMW and BC)
Number=266
Total collapse percentage=1%, Partial damage percentage=11% (Using Table10)
No. of total collapse building= 1% of 266=3
No. of Partial collapse=11% of 266= 29
C. Type of Building= Reinforeced Concrete frame with brick wall (RC)
Number=75
Total collapse percentage=2%, Partial damage percentage=4% (Using Table10)
No. of total collapse building= 2% of 75=2
No. of Partial collapse=11% of 75= 3
Number of total collapse is 30 and partial damage is 66 for North-Bagmati Earthquake. Similar
calculation is done for other two scenario as well and is shown in Table 12 and

Figure 21.

Table 12: Estimated building damage per earthquake scenario for the community

55

Earthquake Scenario

North Bagmati
Earthquake

KV Local
Earthquake

Mid Nepal
Earthquake

Intensity class
Types of
Total
Buildings
No. of
building
BM %
BM no.
415
BMW and
BC %
BMW and
266
BC no.
RC %
RC no.
75
Total no.
756
% of Building collapse
and damage

VI
Total
Collapse

Partial
Damage

VII
Total
Partial
Collapse Damage

VIII
Total
Collapse

Partial
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6
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1

8
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11

21
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5

25
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31
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13
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2
2
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4
3
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Figure 21: Damage pattern to different buildings according to earthquakes intensity
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The findings of the data analysis and interviews are summarized in the points below:
1. The growth rates of population and increase in households have a counter effect on the
availability of open area in the community, and source of income is changing with time.
2. Majority of households have their income source from service, labor works and business.
The monthly income of ranges from below $100 to $200, which lies below the poverty
line of $1.25 per day.
3. The streets are mostly narrow with two lanes and houses on either side.
4. Almost 50% of the households in the community are made of brick and mud. Moreover,
the houses are constructed in row with one wall common to the neighbor’s building.
5. The damage pattern of 2015 earthquake proved the buildings in the community to be
vulnerable to earthquake, esp. brick in mud masonry. The deficiencies of masonry
buildings are listed below:


Absence of horizontal bands of reinforcement at different levels such as
plinth band, sill band, lintel band and roof band.



Non-existent or improper connection between walls, roof and floor.



Large openings resulting in reduced stiffness or story stiffness.



Lack of cross walls, weakening of structure because of addition of new
brick cement structure on top pf old brick mud masonry.



Inadequate foundation and inadequate gap or no gap between buildings.

6. While considering the worst case scenario, for instance if an earthquake similar to Mid
Nepal Earthquake MMI VIII occurs in future, the extent of building damage will range
up to 30% total collapse and 37% partial damage.
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7. The community has an attitude of helping each other that has been seen through people’s
cooperation and participation in rescue during 2015 earthquake.
8. Social organizations like clubs, women’s welfare centers, trusts and associations are very
useful community based organizations that have been mobilized during a disaster.
9. Temples, pati, rest houses run by social organizations served as an excellent rescue and
relief sites.
Preparedness measures developed by USA, Japan, Pakistan and India
Next step of the project was to gather reduction measures of earthquake impact and
strategies developed by India, Pakistan, Japan and USA. The elements of planning process and
the implantation followed by these countries may well be considered for adoption in disaster
prone countries like Nepal. The mitigation plan developed for the state of Maharashtra in India
after the 1993 massive earthquake, disaster risk reduction and seismic mitigation plan developed
for Pakistan after October 8, 2005 earthquake provide a useful example of what can be
accomplished to reduce disaster even under conditions of resource constraints. The Disaster
Preparedness Tokyo and Family Emergency Planning Guide developed by Japan and USA
respectively provide guidance on increasing family resilience.
Preparedness plan for family
Family emergency planning is the key to surviving an emergency. The Family
Emergency Planning Guide has been developed by Federal Emergency Management Agency
(FEMA) with the latest in proven emergency preparedness practices and guidance to provide an
excellent hazards reference to prepare families for disasters and emergencies. Likewise, the
Tokyo Metropolitan Government has compiled a manual called “Disaster Preparedness Tokyo”
to help households get fully prepared for an earthquake. The key elements of these plans include
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some simple techniques such as creating a family-disaster-supply kit and developing a family
preparedness plan.
Creating a family disaster supply kit
It is the first step towards the disaster preparedness in a family. Disaster assistance may not
be available for first few days of a disaster, hence having a supply kit will ensure that the family
can be self-sufficient during this period.
The kit should be kept in a convenient airtight bag or in a container as shown in Figure 22, in an
easily accessible place that is familiar to all family members. The recommended items in a basic
emergency supply kit are as follows:


Water, one gallon of water per person per day for at least three days



Food, at least a three-day supply of non-perishable food for the entire family



Flash light and extra batteries



First aid kit, and whistle to signal for help



Local maps



Tents or plastic sheeting to shelter in place

Figure 22: Container with basic emergency supply items
Source: (Fema, 2011)
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Developing a family-preparedness plan.
It is essential to develop a preparedness plan with all family members. A basic family
preparedness plan includes four steps:


To inform about disaster and develop a family disaster management plan.



To have a floor plan of home and mark-out escape routes from each room



To make a checklist and periodically update it.



To practice and maintain the plan
Each family member should be informed and be prepared on how to respond to the

possible disaster that might affect the family. All the family members should be aware of the
community’s warning signals, what they sound like, what they mean and what actions should be
taken when they are activated. While discussing a family preparedness, it is important to
establish a meeting place inside and outside the house, make sure everyone knows when and how
to contact each other if separated, and establish a best escape route from a house. A home hazard
hunt should be conducted to look around for the potential hazards that may cause inside the
house. Such as defective electrical wire, large, heavy and fragile object on higher shelves, etc. It
will be helpful to teach each member a basic first aid. The preparedness plan for family disaster
should be practiced and maintained regularly every six months. Food and water on emergency
kit should be replaced on every six months. The family emergency plan developed by FEMA is
shown in Figure 23. This plan will provide guidance to decide how family members will get in
contact with each other, where to go and what to do during emergency.
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Figure 23: Family Emergency Plan developed by FEMA
Source: (Fema, 2011)
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Preparedness for Community Resilience
Planning is an important avenue to community disaster preparedness. The practice of
emergency response planning is best thought of this process. The process varies considerably
among communities. In some communities, planning is formalized by a specific assignment of
responsibility to an office having an identifiable budget. In other communities, planning is
informal: responsibility is poorly defined, and a limited budget is dispersed among many
agencies. The preparedness and mitigation measures developed by USA, Japan, India and
Pakistan to increase resilience of a community are discussed in the following session.
Development of Emergency control center
Emergency control center plays an important role in the preparedness and mitigation plan
of a community. The disaster Management plan developed by the state of Maharashtra, India
focused on the state and district emergency response actions. An Emergency Operation Center
(EOC) was developed in the state government headquarter, and District Control Room was
organized for proper coordination and effective flow of information.
Risk Assessment and Vulnerability Analysis
This element was incorporated in all countries mitigation plan for further studies on risk
and vulnerability, including the involvement of local communities in identifying their own
vulnerabilities. The Government of Maharashtra identified a number of factors contributing to
vulnerability like Economy, Poverty, Social Structure, Urbanization, Infrastructure and Housing.
The identification of vulnerable components of the community is an important step in planning
mitigation measures.
As illustrated in Figure 24, if the seismic strength of an existing building is only 33% of
that required by the standard for a new building, the risk involved is 20 times as high as a new
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building. In the Handbook on Seismic Retrofit of Buildings, it is recommended that seismic
retrofit be undertaken when the strength of an existing building drops below about 70% of the
capacity required by the standard (Gettu & Santhanam, 2007).

Figure 24: Risk of collapse relation to strength of a building
Source: (Gettu & Santhanam, 2007)
Strengthening of existing masonry buildings
The typical problems that are frequently encountered due to the deterioration of existing
masonry buildings are: Cracking, Spalling, Staining, Moisture ingress, Deterioration of mortar
and loose components, Corrosion, Differential settlement of foundation, etc. The retrofit includes
repair of existing defects and increasing the lateral strength, stiffness and structural integrity.
The structural components of masonry buildings are masonry wall, floor and roof slabs, plinth
and foundation. Few measures of repair and retrofit techniques of these structures as adopted by
India and Pakistan are discussed in following paragraph. The methods that are generally used in
repair are repointing, Grout injection, Grout filling, and Crack stitching.
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Strengthening of floor
It involves two issues. First, first the integrity of the slab is strengthened by casting a
concrete over mesh reinforcement as shown in Figure 25. Second, the connection between the
slab and the walls need to be improved so that the seismic load can be transferred to walls. The
pinning technique can be adopted as shown in Figure 26. The steel bars (pins) ensure integration
of the walls with the roof (or floor) for the transfer of seismic load(Gettu & Santhanam, 2007) .

Figure 25: Steel mesh reinforcement over wooden floor
Source: (Gettu & Santhanam, 2007)

Figure 26: Pinning Technique for slab
Source: (Gettu & Santhanam, 2007)
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Strengthening of wall
The walls support the roof and upper floors as well provide resistance to lateral load. The walls
can be strengthen by using following methods: Grouting/ Injection, External reinforcement,
Using fiber-reinforced polymer, Post tensioning, Center Core, etc.
Grouting: Small cracks less than 0.75 mm can effectively be repaired by pressure
injection of epoxy as shown in Figure 27. Likewise, for cracks larger than 6 mm stitching can be
done. The stitching consists of frilling holes on both sides of cracks, filling with epoxy mortar
and anchoring the stitching dogs as shown in Figure 28.

Figure 27: Grout or epoxy injection in cracks
Source: (Gettu & Santhanam, 2007)

Figure 28: Repair by stitching the crack
Source: http://www.flintstonesmasonry.com/waterproofing/foundation-restoration-victoria/
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External reinforcement strengthening technique uses horizontal, vertical and cross bars as
shown in Figure 29, which are subsequently covered by mortar. The steel bars can also be
inserted at an angle of 45. Steel bars can also be provided around the opening to prevent the
cracks that may occur due to movement. Corners and T-junctions in perpendicular are connected
by stitching method. Shotcrete is another method of covering masonry walls using reinforced
mesh of bars as shown in Figure 30. This method of retrofitting is more convenient and less
costly than the other retrofitting methods (Amiraslanzadeh, Ikemoto, & Miyajima, 2012).

Figure 29: Reinforcement for strengthening wall
Source: (Gettu & Santhanam, 2007)

Figure 30- Application of Shotcrete
Source:(Amiraslanzadeh et al., 2012)
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Post-tensioning has been used extensively in order to enhance the tensile and flexural
capacity of unreinforced masonry walls (Amiraslanzadeh et al., 2012) as shown in Figure 32.
This method is applied by core drilling from the top of the masonry walls and vertically posttensioning the walls to the foundation. This force counteracts the tensile stresses resulting from
lateral loads.
Center Core method is advanced and non-destructive method for rehabilitation of
masonry buildings, achieved without evacuation of the buildings as shown in Figure 31. In this
method, vertical holes with given intervals are perforated on the walls to the footing and then
reinforcing steel bars are embedded in the holes and cement grout will be injected finally to
create bond strength between wall and bars. It is applicable for two or three story masonry wall.

Figure 32: Applying post-tensioning method
Source:(Amiraslanzadeh et al., 2012)

Figure 31: Plan Detail of Center Core in
Masonry wall
Source: (Amiraslanzadeh et al., 2012)

Strengthening of new buildings
Specialist studies show that the ability to construct buildings that have both flexibility
and cohesion, is one of the most important considerations when designing earthquake resistant
structures (Harris, 2005). Some of the techniques that have been implemented during the
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planning phase to improve the construction of new buildings in India and Pakistan are discussed
in following paragraphs.
It is simple to improve seismic resistance of building by following certain simple
planning techniques such as constructing building in regular shapes like square, rectangle and
circle. These shapes resist an earthquake more effectively as compared to irregular shapes. The
ratio of length to width should not exceed four. If recesses are required, they should not exceed
25% of the overall dimension as shown in Figure 34. In case of irregular shapes, stress
concentrate at the corner points during ground shaking and are more likely to damage. Seismic
gap should be made at points to create structurally isolated boxes as shown in Figure 35. The
width of the joints should not be less than 30 mm. When the building height exceeds 9 m the
width of the joints is to be increased by 10 mm for each additional height of 3 m (Ghaidan,
2002).

Figure 33: Masonry building plan
Source: (Ghaidan, 2002).

Figure 34: Separation of blocks by introducing joints.
Source: (Gettu & Santhanam, 2007)
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To increase the earthquake resistant of new building, reinforcement concrete bands are
provided at plinth, sill, lintel and roof levels. The lintel and sill band at opening should run all
over building as shown in Figure 33. Additional stiches can be provided at corner to increase
resistance. Similarly, vertical bands are provided on both side of openings and all corners.
According to Indian Standard, in case of wooden band the cross-section of runners should be at
least 75mmx 38 mm and spacers at least 50mmx30mm. When RCC bands are used, the
minimum thickness is 75mm, and at least two bars of 8mm diameter are required, tied across
with steel links of at least 6mm at spacing of 150mm centers (Patil, 2005).

Figure 35: Features in masonry building
Source: (Gettu & Santhanam, 2007)

Likewise, if long and narrow buildings are built, the rooms should be divided by
constructing short walls or introducing framing elements as shown in Figure 36. The buildings
should be placed with a good distance between each other; at least equal to height of a house as
shown in Figure 37.
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Figure 37: Use of short wall and framing element for long and narrow building
Source: (Harris, 2005)

Figure 36: Appropriate distance between buildings
Source: (Harris, 2005)

The low-cost seismic base isolation pad was developed using scrap automobile tires in
India and Pakistan. Seismic base isolation is a well-defined building protection system against
earthquakes, incorporated in the foundation as shown in Figure 38. The idea and investigation of
using scrap tires instead of conventional elastomeric pads is to have no-cost seismic isolation.
Weight reduction, ease of handling, simple shear stiffness adjustment by changing the layer
numbers, and positive environmental impact are complementary advantages (Patil, 2005).
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Figure 38: Automobile tires used as Low cost seismic base isolation pad
Source: (Patil, 2005)
Planning of a community
Proper planning of a community plays a vital role in the preparedness of the community’s
mitigation plan for disaster impact. It is always better to have a proper evacuation plan to
increase the resilience of the community, and every household should be well known to this
evacuation plan. Evacuation map could be formulated in terms of the following three functions
in the community.
a) Proper evacuation route to guide people to the open space or evacuation center.
b) Temporary meeting points in and around residential areas for each family such as a
small park or safe chowks
c) Large scaled refuge with temporary housing space in the long-term basis after the
earthquake disaster.
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The Tsunami evacuation: Lessons from the Great East Japan earthquake and tsunami of
March 11 2011 states that the evacuation plan should show the refuge location, evacuation
building or welfare location, illustrate appropriate routes by using arrows and symbols. The
hazard and evacuation map focusing evacuating routes to hazard safe zone developed in
Ishinomaki, Japan for local landslide hazard is shown in Figure 39. On March 11 2011, the
specified evacuation shelters were inundated by tsunami flow from the river channel. This
illustrates the need for information boards and signs to include multiple hazards.

Figure 39: Landslide hazard and evacuation map on an information board in Ishinomaki City
Source: (Matsuo, 2012)

Evacuation route signs commonly include the distance to safe place, in addition to a
directional arrow (Matsuo, 2012). As shown in Figure 41, some towns have signs painted onto
the pavement as well as boards displaying a schematic map of the entire evacuation route and
location of the designated assembly point as shown in Figure 40.
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Figure 40: Tsunami evacuation route information board and directions (with distance to safe
location) in Matsushima Town.
Source: (Matsuo, 2012)

Figure 41: Evacuation route to safe location painted on the pavement in Matsushima Town
Source:(Matsuo, 2012)
.
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Discussion
FEMA and Japanese Disaster Management Plan advise that people should be prepared
for three things before the next earthquake: home family and community. According to the
interviews with professionals, the behavior and thinking of people during the 2015 earthquake
seemed to be similar as described by FEMA and Japanese Disaster Management Plan. The first
thing that strikes in our mind during an earthquake is how to safe ourselves, then it comes to
family, and at the end community. The communities have an attitude of helping each other that
has been seen through people’s cooperation and participation in rescue during 2015 earthquake.
Therefore, the project has developed a plan to reduce potential impact of earthquakes on
individual, family and community. The measure and strategies provided by FEMA and Japanese
Disaster Management Plan are simple and cost effective as well. Therefore, introducing these
techniques to the residents of Kirtipur could be beneficial and help to reduce the impact of
potential earthquakes in future.
In case of increasing the resilience of community, the methods applied in the state of
Maharastra, India and Japan can be implemented in Kirtipur as well. Emergency control centers
are established in state and district level in India for proper functioning of disaster management
plan. Similarly, an emergency control center can be established in ward and municipal level in
Kirtipur for effective implementation of local disaster management plan. This action will
improve the coordination among municipality and ward and help in dissemination of information
to people.
Moreover, it is essential to identify the vulnerable components of the community that are
contributing to increasing the impact of earthquakes, as it is an important step in developing a
disaster mitigation plan, and is followed by other earthquake prone countries. The factors
74

contributing to vulnerability in India and Pakistan are Economy, Poverty, Social Structure,
Urbanization, etc. Major vulnerable component of the community is the building structures that
can result to massive damage in earthquake. These vulnerabilities are also found in the Kirtipur
Municipality. Correspondingly, the measures followed other earthquake prone countries to
improve the resilience of building esp. brick masonry buildings can be implemented in case of
the Kirtipur Municipality. India, USA, Japan, and Pakistan are much more forward in economy
and Gross Domestic Product (GDP) than Nepal. Therefore, it is almost impossible to follow
techniques that require high cost and high technologies. However, some of the low cost
technologies that has been implemented for low-income people and cost effectiveness can be
applied in the case of Kirtipur. For instance, the retrofitting techniques like adding external
reinforcement and injection of grout can be practiced to increase resilience of existing houses.
However, more effective ways (such as center core and post-tensioning methods) seem to be
irrelevant for communities with low income like Kirtipur.
Another method of increasing community resilience is to develop a community
evacuation route similar to Tsunami evacuation map developed in Japan and USA. Kirtipur is a
traditional place, and has many courtyards (chowks) and public places like patis, temples, etc.,
where people gather during their leisure time and festivals. Therefore, if an evacuation map will
be provided in these areas, it will help to people to learn about the evacuation routes and locate
places to gather during an earthquake. Furthermore, if the information in the evacuation map is
explained to the people by a disaster management committee, it will effective in reducing impact
of earthquakes. After having a knowledge on community evacuation plan, people can discuss
about it in each individual households and decide on the route to follow and place to be in case
of emergency. Hence, it will help to prepare a family emergency plan.
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Plan for Kirtipur ward no. 9, 10, 11 and 12
The final step in this project was to develop a plan that will reduce the impact of
earthquake on the residents and households of Kirtipur Municipality. This plan includes the
means and methods that need to be adopted by people before earthquake as preparedness
measure to reduce the potential hazard of earthquake on their life and property. FEMA advises to
prepare three things before the next earthquake: home, family and community. Hence, this plan
consists of three major components:
a) Techniques to prepare home in order to reduce impact of earthquake
b) Measures to be adopted to increase family resilience
c) Methods of increasing community’s resilience at ward level.
After reviewing all the literature, findings and data analysis, following measures were proposed
as the strategies that need to be adopted by residents of Kirtipur to be well prepared for an
earthquake in future.
Techniques to prepare home
The most important thing that should be done to prepare a home is to make it more resistant to
earthquake-to-earthquake by assessing its structure and contents. Each household in a
community should be well prepared for future disaster. Structurally, people should be concern
about home that has anchored foundation, weak walls, unbraced pier and post foundations, or
unreinforced masonry walls or foundations. A home hazard hunt should be conducted to look
around for the potential hazards that may cause inside the house. It would help to identify objects
that could move, break or fall because of an earthquake. The earthquake safety checklist for a
home is shown in Table 13.

76

Table 13: Checklist for protection of home
Description- General

Yes

No

Yes

No

Are flammable or hazardous chemicals stored on high shelves?
Do you know where your gas shutoff is?
Do you secure objects like tall, heavy furniture, electronics, appliances and
anything hanging on wall?
Do you check for defective electrical wires and leaky gas?
Description- Structural
How old is your house?
Is it designed by Architect?
Does it have any cracks or damages?
Do you check for all structural components of your house with Engineer?

If the answers for all general description are no, special attention should be given to increase the
resistance of the home.


Fragile objects should be secured using bolts and connection to wall.



Heavy items and furniture should be kept away from beds, couches and anywhere people
sleep or sit.



Damage to the electrical wires and gas lines should be repaired. It should be inquired
frequently.

Structurally, the building should be checked for vulnerability, and it is recommended to
retrofit if the strength of the existing building drops below 70%. An appropriate action should be
taken to make buildings stronger and earthquake resistant. After studying advantages and
disadvantages of various retrofitting techniques as shown in Figure 42, few measures that can be
implemented in the case of Kirtipur and are discussed below:
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For minor cracks on wall, it can be repaired by grouting or injection of epoxy. Stitching
can be done to prevent large cracks from further rupturing. This method of repair
technique is cost effective and affordable.



Likewise, external reinforcement strengthening techniques like using horizontal, vertical,
cross bars or wire mesh, subsequently covered by mortar can be used as an economical
technique.

Figure 42: Comparison of various retrofitting technique
Source: (Amiraslanzadeh et al., 2012)
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Moreover, the construction of new buildings should meet several standards and safety. If the
seismic strength of a building meets only 33% of the standards, then the risk involved is 20 times
higher. The earthquake resilience of the new building can be increased by following certain
measures during the planning and construction phases as discussed below:


A regular shaped house-symmetrical, rectangular, box type is more stable than irregular
shaped house. In case of irregular shapes, a seismic gap of at least 30 mm should be
provided at the corners. Avoid attachment of house as prevalent in resent situation in
Kirtipur. The new construction should avoid attaching houses to each other or provide a
seismic gap.



Long elongated plan should be avoided. The ration of length to width should not exceed
four. Short wall or framing elements should be provided for long and narrow buildings.



The building should be placed with a good distance between each other; at least equal to
its height. In case of Kirtipur, houses on the either side of roads should be constructed
according to Building and Planning Bylaws, i.e. minimum right of way (ROW) 6m.



Reinforced concrete bands should be kept at different levels of buildings: plinth, sill,
lintel and roof levels. Proper attention should be provided at the corner and joints of
reinforcement. Vertical bars should be provided on each side of the openings. This
method of adding reinforcement at different level seems to be economical, beneficial and
affordable according to the economic status of people in Kirtipur.



To provide uniform distribution of load, openings should be located in the same position
along the vertical line and symmetrically in the plan. An opening should be located
farther than 600mm.
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Roof and floor should be tied to wall using steel pins so that the seismic loads can be
transferred to walls.



Most importantly, the foundation and the plinth should be tied up in order to act it as a
single unit and prevent destruction. The construction instructions to be followed during
new construction are shown in Table 14.

Features

Table 14: Construction instruction for new buildings
Source: (Ranada, 2014)
Instruction for proper construction

Concrete Hollow block wall

6” thick (400x200x150mm)

Vertical steel bars

10mm diameter spaced 1’-3” from each other

Horizontal steel bars

10mm diameter spaced 2’ from each other or laid
every 3 layers

Mortar mix( Cement: Sand)

1:4 Compacted

Roof frame/roofing

Wood/ Galvanized iron sheets

Measures to be adopted to increase family resilience
Each member should be well informed about the possible hazards of earthquake and
earthquake safety. They should know what do during an earthquake. Additionally, specific steps
of drill like Drop, Cover, and Hold on, as shown in Figure 43 , should be practiced within family
members.

Figure 43: Drop, Cover and Hold on drill
Source: https://www.nsf.gov/news/news_summ.jsp?cntn_id=122002
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Having a family disaster supply is a first step in the preparedness measure. An emergency
kit should be placed in location familiar to all members. A sample checklist of emergency
kit is shown in Table 15.



A preparedness plan should be developed with all family members to ensure all members
know how to keep themselves safe during earthquake.



The most important action is to have a floor plan of the house and mark out safe place
inside house. A meeting place outside the house should be determined and discussed
about routes to follow while preparing a plan. The family emergency plan should be
prepared, practiced and updated regularly every six months. Table 16 shows the sample
of family emergency plan prepared for with reference to FEMA.
Table 15: Checklist for disaster emergency kit
Essential Items
Water, one gallon of water per person per day for at least 3 days for drinking and
sanitation
Food, at least a three day supply of non-perishable food
First aid kit
Local map
Batteries, radio
Whistle to signal help
Prescription and medicines
Additional items to be included in an emergency kit
Important family documents such as copies of passport, citizenship card, insurance
policies, bank account records
Cash or traveler’s checks and change
Sleeping bag or warm blanket
Personal hygiene items
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Table 16: Family Emergency Communication Plan
Household information
Name:
Date of Birth:
Citizenship number:
Contact number:
Email:
Important medical or other information:
Workplace emergency information
Name:
Address:
Phone number:
Website:
Evacuation Location:
School, Childcare emergency plan
Name:
Address:
Phone number:
Website:
Evacuation Location:
In case of emergency contact
Name:
Address:
Home number:
Mobile number:
Email:
Out of town contact
Name:
Address:
Home number:
Mobile number:
Email:
Emergency meeting place
Indoor:
Neighborhood:
Out of neighborhood:
Out of town:
Instructions:
Important numbers or information
Fire:
Police:
Hospital/Clinic:
Electric Company:
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Methods of increasing Community’s resilience at ward level
To increase the resilience of the community, there should be proper planning, organization,
information on the vulnerable components that contribute to increase the impact of disaster, and
an appropriate plan that should be implemented before, during and after earthquake. As a part of
preparedness plan, the community should adopt the following strategies to increase the resilience
of the community.


For the better functioning of disaster management plan, it is essential to develop an
emergency control center at the municipality and ward level. There will be proper sharing
of information from municipality to the ward level and ward level to each households.
There should be at least one emergency control center in each ward that will manage all
the planning and arrangements during and after earthquake. For instance, providing basic
facilities to evacuation center, rescue operation, debris management, first aid services,
etc.



The strength and weakness of the community should be studied. The strength of the
community would be the social organizations like clubs, women’s welfare centers, trusts
and associations that can be mobilized during a disaster. Temples, patis and school
buildings are strength of a community as they can be used as a temporary shelter area
those whose houses are completely collapsed. However, the weakness of the community
would be the thinking and culture of people, construction type and poor materials
resulting to vulnerability of buildings, low income of people, and land use pattern.



Identification of the strength and weakness gives an overview to analyze appropriate
methods to increase resilience of the community. Hence, it will help to strengthen the
preparedness and mitigation measures.
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The community should develop an evacuation map that gives an information about the
proper evacuation route to guide people to the open space or evacuation center,
temporary meeting points near residential areas as small parks or safe chowks, and large
evacuation area.



The evacuation map prepared should be displayed at large intersection area and
evacuation route information and direction should be provided at junctions so that people
can follow this direction and arrive to a safe open area during earthquake. Evacuation
center at each ward should conduct several program in order to make people familiar with
information in evacuation map.



Every household should have the community’s evacuation planning maps, and plan and
decide with each family members about the evacuation route and place to go incase of
emergency.
Evacuation map for 4 wards
The administrative boundary of these four wards is shown in Figure 44. Ward nos. 9 and

10 are densely popuplated with few open areas. Few households on the outskirt have open area
around their residence, which can be used as temporary meeting point for all family members.
Whereas, the households in the core settlement area don’t have space around their residence, and
are attached to each other. These households need to travel small distance to get to open area or
evacuation place. Likewise, ward nos. 11 and 12 have large open spaces that can be proposed as
large-scale-rescue area with temporary housing for people whose houses are totally collapsed.
The routes were developed according to the possible ways to get to the open space during the
earthquake.
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Figure 44: Boundary of 4 wards
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An evacuation map developed in this project shows possible routes to get into large and
small evacuation areas, existing schools and party palaces. Figure 45 is the evacuation map
developed for ward 9 and 10. Evacuation can be done to small areas in ward 9 with various
routes, and residents at ward 10 can be evacuated towards large area available at the outskirt of
the ward as shown in map. An evacuation center can be proposed at the open area of this ward to
provide temporary shelter for people incase of collapsed households. Within ward no. 9 and 10,
there are 2 party palaces and two schools, which can be used as temporary shelter at the time of
emergency. According to the record from previous event, these schools and party palaces
provided temporary shelter for at least 50 households with an avergae of 4 to 5 members each
households. An emergency control center is proposed in Nawa Jyoti School and Panga
Secondary School to control the activities of Ward no. 9 and 10 as shown in Figure 43.
Similarly, Figure 46 shows the evaculation map for developed ward 11 and 12. These
wards consist of maximum open area. An evacuation center is proposed in these area so that
people from other wards can also come to this area for shelter. Evacuation center will provide
basic facilities of drinking water, electricity by generator, bathrooms, etc. Emergency control
center at each ward will manage other facilites like debris management and clearing routes,
rescue operation, first aid, etc. At the intersection points, information boards will be displayed
that will show the route and disatnce to evacuation place. This will help people to determine the
shortest route to the safest place and guide them towards the destiantion. Hence people can look
through the information provided on the evacuation map, and follow the shortest route towards
the evacuation area. Janasewa Mavi School at ward no. 12 and Ujjwal Sisu School at ward no. 11
is proposed as an emergency control center as shown in Figure 46. The legends for evacuation
map is shown in Table 17.
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Panga Secondary
School

Nawa Jyoti School

Figure 45: Evacuation map for ward no. 9 and 10
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Ujjwal Sisu Niketan

Jana Sewa School

Figure 46-Evacuation map for ward no. 11 and 12
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Table 17: Legends for evacuation map
Legends
Symbols

Description
Direction to small evacuation area
Direction to large evacuation area
School Building as emergency control center
Party Palace
large evacuation area
small evacuation area
Most commonly used route
Connecting evacuation route
Intersection point with evacuation information

Analysis of proposed plan
Having an appropriate mitigation plan will reduce the impact of disaster on residents of
the community. Each household will be less effected by earthquake. People should have
knowledge about what to do during and after earthquake. Having a proper family emergency
plan should increase the coping capacity of each member. The community’s resilience will also
be increased by proper planning of spaces and strengthening of the buildings. In case of a
building, the cost of a building increases by about 10% roughly to make it earthquake resistant,
and retrofitting an existing structure may cost roughly 15-20% of the total structure (Janwalka,
n.d.). However, investing on strengthening the building will simultaneously reduce the seismic
risk of the building. Hence, if we assume about 15-30% more in our construction, it will reduce
seismic risk up to 10 to 20 times. The cost of retrofitting a building varies from $1000-$5000
usually depending upon the methods selected(“Earthquake Retrofitting & Seismic Upgrades,”
2015.). For instance, in case of Mid Nepal Earthquake, the number of total collapse of brick in
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mud buildings is 170 and partial damage is 116 as shown in Figure 21. However, suppose if
people adopt some cost effective measure and invest $1000 to retrofit the building, the
communities resilience will be increased resulting in the decrease of damages to the building.
Hence, the percentage of total collapse and partial damage will reduce from 30% and 37% to
lower level. The probability of occurrence of earthquake will remain same; however, by applying
proposed impact mitigation plan the impact will be reduced. Hence as shown in the risk matrix
in Figure 47, the proposed mitigation will be able to change the status of community from high
impact high probability to low impact high probability.

KIRTIPUR

Figure 47: Impact and probability risk matrix
Source: http://www.buzzle.com/articles/risks-and-dangers-of-change-management.html
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CHAPTER V
SUMMARY AND RECOMMENDATION
The previous chapter reviewed the findings of the study and present the plan to be
followed to reduce increase the resilience of the community. This chapter presents a summary of
the study and recommendation for future research.
Summary
The purpose of this study was to develop an earthquake impact mitigation plan that
includes the suitable strategies to reduce the potential impact of earthquake on residents of
Kirtipur municipality of Kathmandu, Nepal. This was done by studying vulnerability
components of 4 wards in Kirtipur and analyzing, mitigation plans from USA, Japan, India and
Pakistan and applying the relevant factors to Kirtipur. The objective of the project was fulfilled
by conducting interviews, collecting information regarding damage caused by 2015 earthquake
through Community Disaster Management Community, studying and analyzing the measures
followed by other countries.
The result that were obtained from the analysis of the damage caused by recent
earthquake showed the masonry structure to be more vulnerable to the earthquake and had the
potential of total collapse if earthquake similar to Mid Nepal Earthquake occurs in future.
Moreover, the situation and behavior of people and buildings in the recent 2015 Gorkha
Earthquake proved the lack of proper planning and knowledge of people regarding earthquake
impact mitigation measures.
According to the study and analysis, earthquake prone countries USA, Japan, India and
Pakistan have proper preparedness and impact mitigation measures to reduce the impact of
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earthquake on people and economy of the country. Likewise, adopting similar preparedness plan
and mitigation measures for Kirtipur can increase the resilience of each household and the
community as a whole. Having a proper earthquake preparedness guidebook in each household,
and an evacuation map of the community will reduce the potential impact at the time of hazard
as compared to having nothing and reacting without any knowledge to preparedness. For this
reason, this project developed a plan for 4 wards that included a methods to be followed by each
household and community evacuation plan was proposed with different possible routes and
evacuation areas.
Recommendations
The evacuation map developed in this project only represents the area that can be used
for developing evacuation center, it doesn’t include the planning of evacuation center. However,
while developing an evacuation map for a community would be more efficient if it involves
number of evacuation center, its size and capacity to hold people, etc. For future research in
Kirtipur to reduce the impact of earthquake, the following areas needs to be explored in order to
achieve more appropriate preparedness and mitigation plan:


Since the community is composed of both masonry and RCC building, research
should be done to make both types of houses earthquake resistant.



An approach towards low cost earthquake mitigation measures will be an
appropriate way as the income of the households in the community is low.



The base map of the community should be updated with all the existing houses
and components. It will support the planning with exact land available for
evacuation centers.
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